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By ChristopherC.Km&t, Jr.

EmMARY

Thedisturbancecreatedby thetrailingvorticesofan airplane
canhavea detrimentaleffectontheflightofanotherairplanepassing
throughthewake. An attempthasbeenmade,therefore,tomeasurethe
velocitydistributionandpersistenceofthetrailingvorticesofa
propeller-drivenfighter-t~eairplane.Thisairplanewasequippedwith
a smoke-generatingdevicetonarkthevorticesintheatmosphere.A Jet
airplanehavinga high-frequencyangle-of-attackvaneamda sensitive
total-pressureinstrumentwasusedto flythroughthevortices..

~ general,thevortexstrengthdidnotdecreaseappreciablyup to
●

35secondsafterthevorticeshadbeenshed.After35secondsandupto
60 seconds(thelargesttimeintervalmeasured),thevorticesgradually
deteriorated,butthevelocitydistributionindicatedthata lsrgemount
ofcirculationstillremainedh thevortexpair. Thevelocitydistri-
butionsshowedno indicationofa disturbanceotherthanthatproduced
by thetrailingvortices.Photographsofthetrailing-vortexfilaments
indicatedthattheydidnotremainstraightbutbecsmeirregularas a
resultofatmosphericturbulence.lhan attemptto flyinthetrailing
wakeofanotherairplane,thepilotfoundthatitwasverydifficultto
mtitaina precisecourseandthatthedisturbancewassimilarto severe
turbulence.

INTRODUCTION

Thetrailhgwakeleftby an airplaneas ittravelsthroughthe
atmosphereisknownto containa largeamountofturbulence.Manyacci-
dentshaveoccurredas a resultofthisturbulence,especiql.lyto light
airplanes,duringthelandingapproachwhereoneairplanefollowsanother
ontoa landingstrip(ref.l). Accidentsresultinginfailureofthe

. horizontaltailhavealsobeenexperiencedby high-speedfighter-t~e
airplaneswhilemakingbonibingor strafingruns. h suchflightsas

,+
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these,theairplanesfollowoneanotherat relativelyhighspeedand
●

underhighaccelerations.ThecauseoftheseaccidentshasbeenSUS.
pettedtobe turbulenceinthewakeofa precedingairplanewhichpro-
ducedaddedloadsonthehorizontaltailsufficientto causefailure.

w

Theeffectsofthewakeofem airplaneonthecourseofa guidedmissile —
oranautcmatical.lycontrolledinterceptorairplanehavealsobecome
importantbecausetheeffectivenessoftheseweaponsdependslargelyti
theirabilitytomaintaina precisecourse.

Theturbulencecreatedby thetrailingvorticesofan airplaneis
knownto containlargeamountsofener&y.Thetheoreticalsolutionfor
thestrengthandvelocitydistributioninthesevorticeshasbeenlmown
forsometime(seeref.2). Theoreticalinvestigationsoftherateof
decayofthesevorticesconsideringtheviscosityofairhavealsobeen
made(ref.3). Thetheoryindicatesthatthevorticesmaypersistfor
periodsof30minutesorlonger,dependingupontheirinitialstrength.
Theeffectsofnormalatmosphericconditionsonthevortices,however,
havenotbeenestablished.Thepurposeoftheinvestigationreported
inthispaperisto attempttomeasureexperimentallythevelocitydis-
tributionandpersistenceofthetrailingvorticesofanairplaneunder
normalatmosphericconditims.

APPARATUSmmmsrs .

Apparatus
6

A jetairplanewasusedtopenetratethetrailingvorticescreated
by a smallpropeller-drivenfighterairplane.An angle-of-attackvane,
anairspeedhead,andan additionaltotal-pressuretubewerelocatedon
a boomatthenoseofthejetairplane.A photographofthisinstalla-
tionisshownas figure1. Inasmuchasthe--samejetairplanewasnot
availableforallthetests,twosimilarjetairplaneswereused}but
onlyonewasusedinanygiventest. Theinstrumentationdescribedfor
thepenetratingairplanewasinterchangeableinthetwojetairplanes.
Thepertinentdimensionsofthethreeairplanesusedinthetestsare
presentedintableI. .—

—

.-

Theangle-of-attackvaneusedto obtaintheverticalvelocitycom-
ponentofthevorticeswasdesignedtohavea relativelyhighnatural
frequencyto insurea fastresponseandtohavethecharacteristics
necessarytoreproducetheangle-of+ttickchangetobe expectedfrom
thetrailingvortices.Thevaneusedhada naturalfrequencyof
44 cyclespebsecondata fo~d speedof~ feetpersecondat.sea_.
levelanda dampingratioof0.55ofcritical.Thesecharacteristics
weredeterminedfromwind-tunneltestsofthevane. Thesystemusedto
recordthevaneanglehada naturalfrequencyof1~ cyclespersecond

●

anda dampingratioof0.65ofcritical.Themeasurementsofthevane
andrecordingsystemwereaccuratetowithinio.1.80. h
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●

In orderto obtainthehorizontalvelocityccqponentofthevor-
tices,a sensitivetotal-pressuresystemcapableofmeasuring*5 tithes

. ofwaterwasused. Onesideofthepressurecellwasconnectedby mesns
oflN feetofttiingto thetotalpressureoftheairspeedhead. This
pressuresourcewasusedas a referencepressure.Theothersideofthe
pressurecellwasconnectedto thetotal-pressuretribeonthenoseboom
by mesnsofa relativelyshortpieceofWing. A schematicdrawingof
thisinstallationispresentedh figure2. ThelW feetofl/l6-inch-
inside-diameterttiimgresultedinanacousticlagofabout0.2second
anda viscouslagwitha timeconstantofabout3.9secondsontheref-
erencesideofthesensitivecell. Thismeansthat,forthefirst
0.2secondfolhwinga chsmgeintotalpressure,thereferencepressure
didnotchsmge,andafterthisthe thereferencepressurechangedslowly
inaccordancewiththetimeconstantofthesystem.The0.2-second
acousticlagwasdestiablebecausethetimerequiredforthetestair-
planeto flythroughthevorticesat thetestspeedofabout@l feet
persecondwasapproximately0.2second.Becauseoftheacousticlag
andtheadditicmalviscouslag,thechamgesinpressuremeasuredby the
sensitivecellwereconsideredtobe dueentirelyto theeffectsofthe
trailingvortices.Thepressureaeasuringsystemjustdescribedhadan
estimatedaccuracyoftO.025inchofwater.

Thenormalacceleration,pitchingvelocity,airspeed,andpitch
● attitudeoftheairplanepassingthroughthevorticeswerealsorecorded.

KU theinstrumentsweresynchronizedwitha O.1-secondtimer.Thefilm
recordingspeedwas4 inchespersecond.Thishighfilmspeedwasused

n inanattempttorecordaqysuddenchangesintheqwtities being
recorded.

Theairplaneused to createthevorticeswasequippedwitha smoke-
generatingdevicetomarkthevorticesintheatmosphere.A tankcon-
tatiingabout1 gallonoftitaniumtetrachloridewaslocatedineachwing.
Thesetankswerepressurizedwithdrynitrogenat 10poundspersquare
inch.A tubecontaininga solenoid-operatedvalvewasrunfromeachof
thetanksto thecorrespondingwingtipsothattheliquidcoul.dbedis-
pelledintothevortices.A switchlocatedinthecockpitallow~the
pilotto controlthepassageoftheliquid.A photographofthewing-
tipinstallationofthesmoke-generatinga~lane ispresentedas fig-
ure3. In additionto thesmoke-generatingequipment,theairplanewas
instrumentedtomeasureandrecordtheairspeedandnormalacceleratim
oftheairplane.

Tests

. Beforebeginn@ a givenseriesoftests,thepilotofthepene-
tratingaiqlanewouldperforma gunne~runonthesmoke-generating

.
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airplaneat thesamespeedandaltitudeatwhichthetestsweretobe
madeandadjusthisgunsightsoas to corrx.ctfortheattitudeofthe
airplane.Thisprocedureaidedthepilotinpenetratingthecenterof
thesmoketrail.

.—.

Thetestswereconductedinthefollowingmanner.Thesmoke.
generatingairplsnewouldflystraightandlevelat 1~0milesperhour
at analtitudeof10,000feetandusuallyinwhatcouldbe termedsmouth
ah. Thepilotwouldreleasethesmoke-producingliquidinabout3- to
~-secondbursts,whichproduceda smoketrailofapproximately1,000feet.
Thepilotofthepenetratingairplianewouldthenflya courseperpendic.
@ tothepathofthesmoke-generatingairplaneandattempttopene-
tratethetrail.A differentsmoketrailwasutilizedforeachtest.
Duringtheteststhepilotofthepenetratingairplaneattemptedto
maintainlevelflightandpenetratethevorticescontainingthesmoke
alonga linejoiningthecenterofthetwovortexfilaments.In order
to ascertainthetimeafterreleasethatthepenetratingairplaneentered
thevortices,thepilotorthesmoke-generatingairplanerecordedthe.
timeof smokereleaseandthepilotofthepenetratingairplanerecorded
thetimeofpenetrationandrelativepositionalongthesmoketrail.It
isestimatedthatthismethodresultedinanaccuracyofabout~3seconds
withregardtothetimeafterreleasethatthevorticeswerepenetrated.
Theprocedurejustdescribedwasusedtopenetratethevorticesatvari-
ouslengthsoftimeafterthevorticesweregeneratedsothattheper-
sistenceofthevorticesintheatmospherecouldbe determined.

●

In orderto studythegeneralpatternofthetrailingvorticesin
theatmosphere,mothnpicturesweretakenbothfromthegroundandin

9

theairofthesmoketrailwhichmarkedthelocationofthevortices.
Thepicturestakenintheairwerephotographedfrcma helicopter.
Forthesetests,theairplanegeneratingthevorticesflewat analti-
tudeofabout1,(MOfeetinorderto simplifythephotographingoper-
ation.

REDUCTIONOFDATA

Theverticalvelocitycomponentoftheflowinthevorticesas
measuredby theangle-of-attackvaneofthepenetratingairplanecan
be expressedby thefollowingequation;inthisequationallangles
areasswnedtobe smallvariationsfromthesteadystateandthetrigo-
nometricfunctimshavebeenreplacedby thevaluesoftheemglesin
radians:

●

✎
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verticalvelocitycomponentofvortices,positiveup,ft/sec

trueforwardspeedofairplane,ft/sec

changeinvsmeangle,positiveup,radiams

changeinpitchs@Le,positiveup,radians

distancefromairplanecenterofgravityto anlgle-of-attack
vane,ft

chsmgeinpitchingvelocity,positiveup,raMans/sec

normalacceleration,positiveup,ft/sec2

time,sec

Intheprecedingequation,theforwardspeedoftheairplanewasassumed
. to remainconstantduringthepassageofthea@iLanethroughthevor-

tices.Thisassumptionneglectstheeffectsofthehorizontalvelocity
componentofthevortices.Thehorizontalvelocitycomponentoftheflow

. inthevorticeswasobtaineddirectlyfroIuthesensitivetotal-pressure
tubepreviouslydescribed.A timehistoryofa particulartestrunwhich
istypicalofthedataobtainedis shownb figure4. Thepitching
velocityinthisparticularcaseresultedina verticalvelocitycompone-
nt ofabout2 feetpersecondat seineperiodsdurhg thetestrun. In
mostofthetestruns,however,theverticalvelocityccmponentresulting
frcsnthepitchingvelocityandnormalaccelerationwasrelativelysmall,
ontheorderof0.5footpersecondorless,andwasusuallyneglected.
It shouldbe notedinfigure4 that,afterthesecondvortexcenterwas
reached,theangle-of-attackvaneoscillated.Thisoscillationisa
resultoftheexcitationofthefirstbendingmodeofthewingwhich
forcesthebocmhousingtheangle-of+ttackvaneto osc~te atthe
samefrequency.Thewingstructuralfrequencyisevidentlyexcitedby
thesuddenchangeinliftas thewingpassesthroughtheregionofthe
firstvortexcenter.Becauseofthisoscillation,thedatabeyondthe
regionofthesecondvortexcenterareconsideredunusableandhavebeen
deletedfromthevelocity-distributiondatapresented.Theverticaland
horizontalvelocitycmonents ofthevorticesas obtain~frm thevme-
angleandtotaLpr&mr= records
thepitchingvelocityandnorml
sentedinfigure5..

andthes.pympriatecontributionsof
accelerationshowninfigure4 arepre-

.
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Thevelocitydistributionofthevorticesalongthepathfollowed
by theairphnewasdeterminedinthefollowingmanuer.Thefirstpoint
atwhichthechangeinvaneanglebecamezeroaftera suddenchangewas,
forpurposesoforientation,usedasa referencepoint.Thetimescale
ofboththehorizontalandverticalvelocitycmuponentswasthencon-
vertedtoa distanceinfeetfrmnthisreferencepointby multiplying
thethe incrementby theforwardspeedoftheairplane.Thevertical
andhorizontalvelocitycomponentsatvario~distancesfromtherefer-
encepointwerethenplottedanda resultan>_velocitywasobtained.
!!2hisprocessisillustratedinfigure6 wherethehorizontalandverti~”
calvelocitiesinfigure5 havebeenusedtoobtainthevelocityvectors
shown. h theregionofthevortexcenters, wherethevelocityisrel&
tivelyhigh,:heeffectof one vortex ontheotheris small.andinthis
particularanalysishasbeenassumedtobe negligible.Inthevicinity
ofthevortexcenters,therefore,thelocationofthevortexcentercan
be foundby drawinglinesperpendiculartotheresultantvelocitiesand
determiningtheirpointof intersection.ti someinstancesthecenter
ofbothofthevorticescouldbe obtainedandtheflight-pathanglefol-
lowedby thepenetratingairplaneas itpassedthroughthevorticescould
be locatedby drawinga linebetweenthetwovortexcenters.TMs angle
couldthenbe comparedwiththeanglemeasuredby smattituderecorder
intheairplm,netoprovidea checkonthemethodusedto obtainthevor.
texcentersandthestisequentvelocitydistribution.

Aftertheapproximatelocationofthefirstvortexcenterwasdeter-
mined,thedistancefromeachoftheresultantvelocitiesto thiscenter
pointwasobtainedanda plotmadeofthevelocitydistributionofthe
vortices.Thevelocitydistributionobtainedfrcxnthedatainfigure6
is showninfigure7. Thisvelocitydistributioncanbe assumedtobe
fairlycloseto onethatwouldbe obtainedalonga linejoiningthe
twovortexcenters.It shquldbenotedthattheproceduredescribed
canbe usedonlywhentheairplaneflightpathpassesrelativelyclose
tothecentersofthetwotrailingvortices.

RESULTSANDDISCUSSION

Theresultsobtainedfromflighttest.surveysofthetrailtngvor-
ticesofan airplanearepresatedintheformofvelocitydistributions
inthevortexpairandphotographsof smokecontainedinthevortices.
Figure8 presentstypicalvelocitydistributionsforvariouslengthsof
timeaftervortexseparation.Photographsofthevorticesasmarkedby
smokeintheatmospherearepresentedasfigure9. Becausetherela-
tivelysmallamountofdataobtainedpreventsa statisticalanalysis
andbecauseofthegeneralirregularityofthetrailingvortices,no
quantitativeanalysisofthestrengthorpersistenceofthevorticesin
theatmospherecanbepresented.Theirregularityordistortionofthe

t

—
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.
vorticesisreadilyobviousfromthephotographsoffigure9. Some
general.statementscanbe made,however,whichshouldbe of interestto

. thoseconcernedwithdisturbancesresultingfromtheturbulencecreated
by thepassageofan airplanethroughtheatmosphere.

Wan thedataobtatied,thestrengthofthevorticesappearedto
chsngeverylittlefortimesafterseparationup to about35 seconds(see
figs.8(a)to 8(e)).Thevelocitiesmeasuredforthedifferenttimes
varied,of course,butgenerallytheshapesofthevelocitydistribu-
tionsweresimilaranditmightevenbenotedthatthehighestvelocity
measuredwasobtained33 secondsafterthevorticeshadbeenshed.
Afterthistime,thevortexstrengthgraduallydecreasedup to 60 seconds
afterseparation,thelongestlengbhoftimemeasured.At 60 seconds,
thevorticesstill.maintaineda relativelylargeamountofcircuktio~
(seefig.8(h)).Attemptsweremadeto obtaindataat longerlen@hs
oftime,butthedensityofthesmokeiqjectedintothevorticesbegan
to deterioraterapidlyafterabout60 secondsandthepilotcouldnot
locatethevortices.It isprobable,however,thatthevorticeswould
persistforconsiderablelengthsoftimeafter60 secondsunderfavor-
ableconditions,but,aswouldbe expected,turbulenceintheatmosphere
hasa largeeffectonthepersistenceofthetrailfmgvortices.The
timesnoted,whichindicatethelengthoftimeafterthetrailingvor-
ticeswereshed,becomemoreimpressivefrcmthestandpointofpersist-8 encewhenthedistancetraveledinthislengthoftimeby theairplane
producingthevorticesis considered.Forinstance,~ airphneflying

. at analtitudeof 10,CXX3feetat a ~ch nuniberof0.8willtravel
approximately5.2milesin30 seconds.Thedataindicatethatafter
30 secondsthevortexstrengthtillhavedecreasedverylittleunder
goodweatherconditions.

In ccxupsringthemeasuredcharacteristicsofthetrailingvortices
withthosepredictedby theory,severalobservationscanbe made. The
basictheory(ref.2) forthecirculationI’ ina perfectfluidis
expressedby thefollowingequaticm:

where

r

L

rL=—
pv

circulation,sqft/sec

liftperunitspan,lb/ft

density,slugs/cuft

trueairspeed,ft~sec

(1)

.
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andthetangentialvelocityofeachvortexis

NhCATN3377
“

-..

r
v =—

2scr

*

(2)
.—

where

v tangential velocity,ft/sec

r distancefromvortexcenter,f%

Thesefundamentalexpressionsindicatethatthevelocitiesnearthe
vortexcenterapproachinfhityastheradiusapproacheszero.This
resultisknowntobe in errorfora viscousfluidandtheresultsof
thesetestsgivean indicationofthesizeofthecoreofthetrailing
vortices.A summaryofthedataindicatesthata maxinnmvelocityis
reachedata radiusof2 to 5 feetafterwhich,astheradiusapproaches
zero,thevelocitydecreasessuddenlyanda regionexistswherethe
velocitybecomesproportimaltotheradius.

. Anotherinterestingpointisthedistancebetweenthetwotrailing
vortices.Thetheoryindicatesthatthevortexcenterswillbe a dis-
tanceYe/4tks thespanapartforanellipticalspanloadingafter ●

thewingvorticeshaverolledup intotwodiscretevortices(seeref.4).
.-

Thisdistancefor.thetestairplane,thatis,fi/4ttiesthespan,is
29.3feet.Thetestresultsindicatethatthedistancebetweenthevor-

.

texcentersisabout29to 30feet,whichsubstantiatesthetheory.In
general,theshapesofthevelocity-distributioncurvesobtainedfromthe
testsareastobe expectedfromtheoreticalconsiderations. .-

Theturbulentwakeleftby anairplaneintheatmosphereissome-
timesthoughttobe theresultofthewakeofthepropelleror,inthe
caseofa jetairplane,thewakeduetothejetexhaust.Thedata
obtainedinthesetestsindicatethatforanyappreciabledistance
behindtheairplauecreatingtheturbulence,ontheorderof1,000feet
ormore,theconceptionof so-called“propwash!’is erroneous.The
velocitydistributionsshowno indicationofa disturbanceotherthan

.

thatproducedby thetrailingvortices.Thereareseveralfactswhich
tendto corroboratethisconclusion,theforemostofwhichistherela-
tivestrengthoftheenergyimpartedtotheairby thethrustofan

—

airplaneas comparedwiththeenergycontainedinthetrail- vortices
asa resultoftheUft. Therelativesizeofthe14ftandthrustforces

.—

is indicatedby thelift-toaagratio,which)fora fighter-typea~-
plane,is ontheorderof10:1to 15:1.Thisratiois,ofcourse,higher
fora transport-erbcmiber-typeairpllzme.me massofairaffectedly-
thethrustisalsorelativelysmallandatthesametimedissipatesata 6
highratebecauseofthehighMitial”velocitiesimpartedtotheah.

.
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Thephotographspresentedinfigure9 weremadeb an effortto

studythegeneralpatternofthetrailhgvortices.Turbulentweather
. conditionsprevailedduringthefilmingofthesepictures.Thevortices

weregeneratedat 200milesperhourat analtitudeofabout1,000feet
wherethewindvelocitieswereabout20to 25milesperhour. Thepic-
turesshownaretimesequencesofthetrailingvorticesfromthetime
theyweregeneratedtoa th aboutX secondslater.Thesepictures
areprintsmadefroma motion-picturefilmobtainedfroma cameralocated
ontheground.Thecamerawasmovedduringthefilmingofthepictures
sothatthecloudsor someotherpointinthepicturehadtobe usedas
a referenceh orderto determinethetimethatthevorticeshadbeenin
theatmosphere.Sticethefusekgelengthandtheairspeedoftheati-
planeinthepicturesarelnmwn,an approxhnatetimescalecanbe deter-
minedfor a givenpicturesize.Thisinformation,togetherwitha
lamwledgeofthefilmspeed,wasusedto determinethetimescaleshown
inthepictures.

Thevortexfilamentsrercainedstraightforabout3 to 4 seconds,
butafterthistimetheturbulenceb theatmospheredistortedthewake
suchthatthetrailwasdisplacedina ramdommanner.Thisrandomnature
ofthetrailingwskeofan airplanewouldcreatea difficultmediumfor
an airplaneattemptingtomaintatia precisecourse.Thatis,anair-
planetryingto f= onornearthecourseofanotherairplanewouldbes continuouslyflyimgin-d outofthetrailingvortices.Therandom
natureofthisdisturbancewouldbe expectedto havea detrimentaleffect
onan airplaneora’missileattemptingto attackanotherairplanefrom.
therearsincethedisturbancewouldbe similarto flightin severetur-
bulence.

Oneattemptwasmadeto flya Jetairplsnebehindanotherjetair-
planetomeasurequalitativelytheeffectsofthewakeontheflightof
thefollowingairplane.Thepilotreportedthatwhenhe encounteredthe
wakeregim itwasverydifficulttomaintaina precisecoursebecause
thedisturbancewassimi~ to severeturbulence.Theincreaseinnor-
malaccelerationdueto thewakea~earedtobe small,buttherolling
motionsoftheairplanewerelargeanduncontroUAble,andlargeaileron
deflectionswererequiredtomaintaintrim.

Inanydiscussioninvolvhgtheeffectsofthetrailingvortices,
suchastheeffectofoneaircraftfollowinganother,themgnitudeof
thecirculationtivolvedshouldbe considered.Ws pointshouldbe
emphasizedforthedatapresentedinthisreportbecauseoftherela-
tivelysmallsizeofthea~lane whichcreatedthevortices.By ccm-
biningequations(1)and(2),thefollowingrelationshipcanbe estab-
lished:

(3)
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where

v weight,lb

b wingspan,ft

.

Fromthisequationfora singlevortex,thevelocitiesinthevortexare
seentobe directlyproportionalto Wfb2 forgivenvaluesofairspeed,
altitude,andratioofradiusto span.Basedon eqpation(3),calcula-
tionsweremadefora typicaltransportairplsmeby usingthedata
obtainedforthetestairplanethatispresentedh figure7. Thetrans-
portwasassumedto havea grossweightof125000poundsanda wingspa
ofU8 feet,whichresultedina valueof W/b~ thatwasl.~ timesthe
valueof W/b*forthetestairplane.Thecalculationswere@e for
thesaneairspeedandaltitudeasthetestairplane.Becausetheanaly-
sismadeisdirectlydependentupontherelativespansofthetwoairplanes
considered,it shouldbe notedthatthespanandcorediameterofthevor-
ticesme assumedtobe directlyprcrportionaltothewingspan.Thedata
thusobtainedarepresentedinfigure10. Thisfig’meillustratesthe
effectofairplanesizeonthevelocitydistributioninthetrailingvor-
tices.Thevelocitiesofthetransportareconsiderablyincreasedand
theareacoveredby thevorticesismuchgreaterthanthatofthetest
airplane.Theeffectsofthisdisturbanceonanotherairplanepenetrating
thewskeofthetransportwouldbe expectedto
thoseassociatedwiththesmallerairplane.

be muchmoreseverethan

—

n“
—

comLmINGREMfmc3

Thevelocitydistributionandpersistence
ofanairplanehavebeenmeasuredinflightby

ofthetrailingvortices
flyhg a jetfighterair-

planethroughthewakeofa propeller-drivenfighterairphne. No defin.
iteconclusionsasto thepersistenceofthetrailingvorticescanbe
reachedbecauseofthelimiteddata,butsomegeneralremarkscanbe made.

Thestrengthofthevortexpairdidnotdecreaseappreciablyupto
about35 secondsafterthevorticeshadbeerished.Variationsoccurred
intheshapesofthevelocitydistributicmsobtained,butthemaximum
velocitiesintheregionofthevortexcorewereinthessmerange.The
vortexstrengthgraduallydeterioratedafter35 secondsandupto 60 sec-
onds(thelongesttimeintervalmeasured).Thevorticesat a time
60 seconds”sftertheyhadbeenshedstillmaintaineda largeamountof
circulation.Thevelocitydistributionsshowedno indicationofa dis-
turbanceotherthanthatproducedbythetrailingvortices.

Thevorticeswerephotographedinan attemptto studythegeneral
patternofthevortexfilanents.Thephotographsindicatedthatthe

.-

-.
●

✎�
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●

vortexfilamentsdidnotrematistraightbutbecameveryirregulsxbecause
ofatmosphericturbulence.

●

h an atteqtto flyan airplaneinthetrailingwdkeofanother
airplane,thepilotfoundthatitwasveryclifficulttomaintaina precise
course.Thedisturbanceresultingfrcmthevorticeswassimilarto severe
turbulence.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcmmitteeforAeronautics,

LangleyField,Va.,Deceniber8, lx.
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TAELEI.-DIMENSIONSOF TESTMRPLMES

Airplaneusedto generate
Weight,lb . . . . . . . . . . . . .
Wingarea,sift..... . . . . .
Wingspan,ft....... . . . .

Airplanesusedtoprobethevortices:

. .

. .

. .

.
●

✎

Airplaneusedto-
figs.Y,8(a),
Weight,lb .

obtaindatapresentedin
and 8(e): -
. . . . . ..*OO ● . .

Wingarea,sqft . . . . . . . . . . .
Wingspan,ft , . . . ● . . ● . . . .
Distancefromangle-of-attackvaneto
centerofgravity,ft . . . . . . .

Airplaneusedto obtaindatapresentedin
figs.8(b), (C),(d),(f),(g),and(h):
Weight,lb . . . . . . . . . . . . . .
W@area, sift...... . . . . .
Wingspanjft....... . ...0
Distancefromangle-of-attackvaneto
centerofgravity,ft . . . . . . .
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Figure 1.-
&81699

Installationof nose boom showingairspeed head, angle-of.
attack vane, and total-preasure ‘@e.
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vorticeshadbeenshed.V = 398~t/sec.
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Figure ~.- Veloclty d.i6tributionin the trailing vortices obtained from
figure 6. Dataobtained58secondstier thevor~lceshadbeenshed.
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Sequence(a).

Sequence(b).

Figure9.. Timesequences of the trailing vortices of the test–a~~e
in turbulent air at an altitude of 1,000 feet.Scalesindicate time
in secondsafterthevorticeshadbeenshed.Picturestakenfromtfie
ground.
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Sequence (b).- Continued.

Sequence(b).-Continued.

Figure9.- continued. L-86521
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Sequence(b).-Continued.

Sequence(b).-Continued.

Figure9.- Continued. L-87498
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Sequence(b).- Concluded.

Figure9.- Concluded. >87499
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